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ABSTRACT 


Near -wake  and  far -wake  nozzle  jet  effects  on  forces  on  the  aft  end  of  a 
.09  scale  simulated  fighter  airplane  were  tested  at  mach  numbers  of  .6,  .fls, 
■  1.7  and  2.0.  Cold  air  was  used  for  producing  the  simulated  engine  ex¬ 

haust  jets.  Model  configuration  changes  included  various  boattail  angles, 
inlet  bluntness,  wing  sweep,  and  horizontal  tail  on  and  off.  Data  obtained 
include  chord  force,  normal  force,  and  pitching  moment  from  an  internal 
balance,  external  static  pressure  distributions  and  chord  force  determined 
irom  integrated  pressures,  and  schlieren  and  shadowgraph  photographs  of 
exhaust  plumes.  At  subsonic  mach  numbers,  the  far-wake  jet  effects  on  chord 
force  of  plug  nozzles  located  forward  on  the  afterbody  were  unfavorable. 

At  supersonic  mach  numbers,  the  plug  nozzle  far-wake  effects  were  favorable. 
Jet  effects  of  the  convergent -divergent  nozzles  located  at  the  aft  end  of 
the  model  were  favorable  for  all  mach  numbers. 
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Section  I 


INTRODUCTION 


Accurate  propulsion  system  component  performance  characteristic  data 
are  essential  for  performing  a  propulsion  system  optimization  study.  These 
data  must  be  applicable  to  the  environment  in  which  the  components  will 
operate  in  service.  Obtaining  these  data  by  analytical  means  is  desirable 
because  proven  analysis  techniques  generally  provide  a  wide  range  of  data 
at  relatively  low  cost.  Analytical  techniques  for  deriving  component  per¬ 
formance  characteristics  usually  provide  insight  into  the  basic  physical 
phenomena  governing  component  losses.  Often  these  techniques  also  provide 
a  means  of  estimating  the  minimum  losses  which  are  likely  to  be  attained 
and,  in  most  cases,  will  suggest  the  design  approach  which  can  achieve  the 
minimum  loss  condition. 

If  reliable  analytical  techniques  are  not  available,  data  acquisition 
by  test  program  is  necessary.  A  number  of  loss  phenomena  associated  with 
propulsion  system  optimization  and  integration  studies  have  not  been  ade¬ 
quately  simulated  by  analytical  means,  particularly  in  the  areas  where 
complex  interactions  between  two  or  more  components  is  prevalent.  In 
addition,  available  analytical  techniques  often  require  the  input  of  con¬ 
stant  factors,  highly  dependent  on  configuration,  the  values  of  which  must 
be  determined  empirically. 

One  of  the  primary  objectives  of  the  Propulsion  System  Integration  and 
Test  Program  (Steady  State)  was  to  provide  an  overall  approach  to  predicting 
the  performance  of  a  propulsion  system  in  a  multimission  aircraft.  In 
Phase  I,  available  analytical  techniques  and  test  data  were  used  in  the 
performance  analysis  of  the  propulsion  systems  in  two  example  vehicles.  In 
a  number  of  areas,  the  available  data  and  techniques  did  not  provide  assur¬ 
ance  that  the  performance  predictions  for  propulsion  system  components 
operating  in  an  installed  environment  were  sufficiently  accurate  and  general 
to  define  the  vehicle  performance  over  its  fill  range  of  operating  conditions. 

Phase  II  of  the  program  was  set  up  to  carry  out  test  programs  designed 
to  provide  the  component  performance  definitions  identified  during  the 
Phase  I  analysis  effort  as  being  necessary  for  a  thorough  propulsion  system 
performance  evaluation  and  not  available  from  existing  data  or  analysis 
techniques . 

The  purpose  of  this  report  is  to  describe  the  results  of  a  wind  tunnel 
test  program  designed  to  obtain  nozzle  exhaust  interaction  forces  on  the 
aft  end  of  a  vehicle. 


. . . 


1 


.  AY^latle  tes-fc  data  indicate  that  the  presence  of  a  nozzle  jet  can  have 
a  significant  influence  on  base  and  bcattail  drag  levels.  In  addition,  for 
a  nozzle  discharging  upstream  from  part  of  the  vehicle  structure,  drag 
phenomena,  both  favorable  and  unfavorable,  are  likely.  The  internal  per¬ 
formance  of  certain  nozzle  types,  operating  below  their  design  pressure 
ratios,  can  be  strongly  influenced  by  the  external  flow  field  around  the 
nozzle  discharge.  In  the  Phase  I  vehicle  studies,  it  was  determined  that  ' 
the  optimum  vehicle  designs  could  experience  all  of  these  interaction 
phenomena,  therefore,  this  test  was  designed  to  achieve  a  better  understand¬ 
ing  of  these  interaction  effects  on  an  overall  vehicle  model. 


Section  II 


SUMMARY 


A  wind  tunnel  investigation  has  been  conducted  to  determine  the  differ¬ 
ences  in  afterbody  forces  caused  by  exhaust  jet  interaction  and  afterbody 
configuration  changes.  All  testing  was  conducted  in  the  North  American 
Rockwell  Corporation  (NR)  Trisonic  Wind  Tunnel  using  a  strut  mounted  .09 
scale  model  similar  to  a  tactical  fighter  type  airplane.  Testing  was  per¬ 
formed  at  freestream  mach  numbers  of  .6,  .85,  1.27,  1.7  and  2.0.  The  model 
angle  of  attack  was  varied  between  zero  and  10  degrees,  the  nozzle  pressure 
ratio  between  off  and  18.5,  and  the  aft  boattail  angle  between  zero  and  13*5 
degrees.  Although  the  entire  vehicle  shape  was  simulated,  the  model  was 
constructed  to  measure  only  the  forces  and  pressures  on  the  aft  portion  of 
the  model.  Engine  operation  was  simulated  by  ducting  cold  air  to  the  model 
through  a  strut  and  exhausting  the  air  at  controlled  pressure  ratios  through 
two  pairs  of  nozzles  built  into  the  model.  Two  pairs  of  nozzles  were  used 
in  order  to  obtain  both  near-wake  and  far -wake  effects  on  one  model.  Nozzle 
thrust  forces  were  not  measured  and  were  isolated  from  the  external  aft  end 
model  shell.  Measured  forces  were  obtained  by  both  force  measurements  on  a 
six  component  internal  balance  (only  three  components  were  used,  normal  force, 
chord  force  and  pitching  moment),  and  by  integrating  measured  external 
pressures  to  obtain  chord  force. 

This  report  presents  the  results  from  the  tests.  Comparisons  of  data 
and  analytic  predictions  are  made  and  discussed. 

The  results  obtained  include  chord  force,  normal  force  and  pitching 
moment  balance  data,  integrated  pressure  chord  force  data,  afterbody 
external  pressure  distributions,  and  schlieren  and  shadowgraph  pictures  of 
the  engine  exhaust  plumes .  Most  of  the  afterbody  force  data  are  presented 
as  increments  from  a  baseline  (common)  configuration  that  was  tested  at 
all  mach  numbers.  If  tests  were  to  be  performed  on  an  aerodynamic  model 
thac  embodied  the  baseline  afterbody  configuration,  the  incremental  forces 
herein  could  be  applied  to  the  data  from  the  aerodynamic  model  to  adjust 
for  nozzle  configuration  and  jet  effects. 

The  baseline  afterbody  boattail  angle  was  6.7  degrees.  This  angle  was 
varied  between  zero  degrees  and  13.5  degrees,  but  not  at  each  mach  number. 

At  mach  numbers  of  .614  and  .85,  the  chord  force  increased  by  only  5 
counts  as  the  boattail  angle  changed  from  6.7  to  13.5  degrees,  jets  off. 

At  mach  numbers  of  1.27  and  1.7 >  the  chord  force  varied  about  plus  and 
minus  25  counts  as  the  boattail  angle  ranged  between  10.0  and  2.4  degrees, 
jets  off.  At  mach  number  2.0,  the  chord  force  decreased  by  about  25  counts 
as  the  boattail  angle  went  from  6.7  to  zero  degrees,  jets  off.  The  above 
values  agree  fairly  well  with  estimated  configuration  effects. 

A  simulated  no-flow  inlet  was  tested  with  a  sharp  fairing  and  with  the 
fairing  removed.  The  wing  was  tested  at  sweep  angles  of  30  and  70  degrees. 

The  effect  of  inlet  bluntness  and  wing  sweep  on  force  increments  was 
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negligible  at  all  mach  numbers  tested. 


Jet  effects  were  tested  with  two  plug  nozzles  located  forward  on  the 
afterbody,  and  with  two  convergent-divergent  (C-D)  nozzles  located  at  the 
aft  end  of  the  model.  The  plug  nozzle  jet  effects  on  chord  force  were  un¬ 
favorable  at  mach  numbers  .6  and  .85,  Measured  chord  force  increments  from 
the  baseline  were  about  plus  15  counts.  Estimated  plug  nozzle  effects  did 
not  include  far-wake  effects  on  the  afterbody  and  predicted  favorable  jet 
effects  of  about  the  same  amount.  At  mach  numbers  1.27,  1.7,  and  2.0,  plug 
nozzle  jet  effects  were  favorable  and  were  reasonably  close  to  predicted 
values.  The  worst  agreement  was  at  mach  number  1.27. 

The  C-D  nozzle  jet  effects  on  chord  force  were  favorable  at  all  mach 
numbers  tested.  At  mach  numbers  .6  and  .85,  a  reduction  in  chord  force  of 
up  to  about  15  counts  was  measured.  The  measured  increments  agreed  quite 
well  with  estimates  when  the  flow  in  the  C-D  nozzles  was  not  separated.  At 
the  supersonic  mach  numbers,  the  C-D  nozzle  jet  effects  were  estimated  to  be 
zero,  but  small  reductions  in  chord  force  were  measured. 

At  the  subsonic  mach  numbers,  the  maximum  plug  nozzle  jet  effects  caused 
an  increment  in  normal  force  of  about  minus  .02.  The  C-D  nozzle  jet  effects 
were  about  one  half  the  plug  nozzle  effects.  From  horizontal  tail  off  data, 
it  was  determined  that  the  jet  effects  were  mostly  on  the  horizontal  tail. 

At  the  supersonic  mach  numbers,  the  jet  effects  on  normal  force  were  quite 
small. 


The  C-D  nozzles  were  constructed  with  a  sharp  trailing  edge  to  simulate 
full  scale  nozzles.  In  addition,  the  split  between  the  metric  and  the  non¬ 
metric  portion  of  the  aft  end  of  the  model  was  located  internally  to  avoid 
having  a  gap  on  the  external  surface  near  the  trailing  edge  of  the  C-D 
nozzles.  As  a  result,  some  large  tare  forces  and  other  corrections  were 
encountered  on  some  runs  with  the  C-D  jets  operating.  Chord  force  data 
obtained  with  the  internal  balance  for  these  runs  is  questionable.  It 
appears,  however,  that  slight  changes  in  the  construction  details  of  the 
nozzle  could  result  in  a  much  improved  situation. 
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Section  III 


APPARATUS  AND  PROCEDURE 


MODEL  DESCRIPTION 


The  model  tested  was  similar  to  one  of  the  tactical  fighter  airplanes 

?Ufingv.: PhaS?  1  Studies  of  this  Program.  A  drawing  of  the  .P09 
scale  model  is  shown  in  figure  1.  In  order  to  test  both  near-wake  and  far- 

wake  jet  effects  on  the  same  model,  four  nozzles  have  been  used.  Two  are 

ffentd('renI?etry  ?1US  n^ZlSS  and  tW°  are  variable  Geometry  convergent -diver- 
fn^wiSp0]^11?221!3  *  •The  .?1US  nozzles  are  located  forward  on  the  afterbody 
were  designed  primarily  to  show  far-wake  jet  effects.  The  convergent- 

divergent  nozzles  are  located  at  the  aft  end  of  the  model.  VariouInozzL 

anglef  Tli  no^e^  teSt  far“wake  effects  with  different  boattail 
angles.  All  nozzle  configurations  have  a  sharp  trailing  edge  to  represent 

as  near  as  possible  the  full  scale  dimensions.  Maintaining  a  sharp^railing 

effect  th°ugbt  to  be  ^Portant  to  properly  simulate  the  near -wake  let 
eifect..  A  strut  support,  encompassing  the  vertical  stabilizer,  was  added 

nozzlT  The'inllfo111  ^  * °  r0“te  Mgh  air  ”  ^ 

nozzle..  The  inlet  openings  have  been  faired  over  on  the  model.  Two  fair- 
mgs  were  tested;  a  sharp  fairing  (as  shown  in  figure  1)  and  a  norf^nt 
configuration  which  was  the  basic  inlet  with  the  sharp  fairing  removed.  No 
air  passed  through  the  inlet.  The  bottom  mold  line  of  the  model  between  the 

™e°  SiSTir  Was  S2;t^ly  mbdified  t0  ^ovid«  room  i5  tlrnaj  Sing? 
A-n  ™°dif: lcatl°n  resulted  m  a  slightly  steeper  boattail  prior  to  the  base? 
li  other  vehicle  geometries  have  been  held  to  those  developed  during  Phase 

I  studies.  A  sketch  and  photographs  of  the  model  installed  in  the  tunnel 
are  presented  in  figures  2,  3  and  4.  runnel 

..  fUSelace  of  the  model  from  station  40.32  aft  lias  been  constructed 

n,  ih  l?  fr°^dlnS  the  lnternal  Plumbing  as  shown  in  figures  1  and  2 
On  this  shall,  which  includes  the  horisontal  stabiliser  as  Sell  as  Te  plug 
and  C-D  nozzles,  measurements  were  made  to  determine  the  force  changes  in¬ 
duced  by  jet  effects.  The  metric  shell  was  carried  far  enough  fo^frd  £ 
include  all  significant  changes  due  to  jet  effects  on  the  afterbody  of  the 
mode!  as  shown  in  figure  5.  An  exploded  view  of  the  model  showing  the  metric 
afterbody  and  its  relation  to  the  rest  of  the  model  is  shown  in  figure  6 

fo-m«T°0SepaJate  the  ??zzle  internal  thrust  force  from  the  external  shell 

required  that  the^o-l  maintain  a  sharP  bailing  edge  shroud 

t  °  leS  be  manufactured  in  two  pieces.  This  was  accom- 

p  shed  by  constructing  the  nozzles  as  an  external  shroud  and  an  internal 

-\aS  in  figure  7*  For  the  C-D  nozzles,  the  split  line  between 

these  two  parts  occurs  on  the  inside  of  the  nozzle.  Ibis  internal  ™ 

hoeS  fl^1f?om1i~ie?1°f  T  lntjatable  ‘IP*  vhlch  would  prevent  the 
at  th?  I  T  trfr!l  ns  forwaFd>  between  the  liner  and  shroud,  and  exit 
at  the  afterbody  split  (station  40.37).  On  the  plug  nozzle,  the  split 
between  the  shroud  and  liner  occurs  on  the  external  portion  of  the^ozzle 

2SHL ^not5rPeSlJed?0t  eXP°Bed  t0  th*  internal  n°22le  no»-  a  saal  a-»^- 
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Afterbody  configuration  changes  were  accomplished  by  using  a  series  of 
nozzle  shrouds  and  liners  to  vary  the  C-D  nozzle  exit  area  and  area  ratios. 
The  individual  shrouds  and  liners  used  are  shown  in  figure  8  with  each  of 
the  afterbody  configurations  shown  in  figures  9  and  10.  For  the  plug  nozzle 
and  three  C-D  nozzle  configurations,  conical  closures  were  used  for  some 
tests.  The  C-D  and  plug  nozzle  cone  configurations  are  sketched  in  figure 
11.  The  main  purpose  of  the  cones  was  to  provide  a  simple  axisymmetric 
shape  that  could  be  easily  tested  and  that  was  amenable  to  the  available 
subsonic  analytical  tools.  The  A^/Aj ^  =  .5  cone  configuration  was  the 

common,  or  baseline,  configuration  tested  at  every  mach  number.  The  cones 
are  attached  to  the  non-metric  portion  of  the  model  and  forces  on  them  are 
not  measured.  Figure  12  shows  the  external  C-D  shroud  configurations  along 
with  the  corresponding  internal  nozzle  area  ratios  tested  at  the  various 
mach  numbers. 


A 


Additional  configuration  changes  made  during  this  investigation  included 
the  inlet  fairings  mentioned  previously,  and  a  variable  sweep  wing. 

To  provide  independent  control  over  each  of  the  nozzle  systems,  each 
system  was  supplied  with  high  pressure  cold  air  from  separately  metered 
sources.  This  separation  of  flows  allowed  the  plug  and  C-D  nozzles  to  be 
operated  at  different  weight  flows  and  pressure  ratios. 

Because  the  purpose  of  this  investigation  was  to  determine  jet  effects 
on  vehicle  forces,  the  internal  flow  system  was  only  required  to  generate  a 
representative  exhaust  plume  shape  and  not  simulate  thrust.  For  this  reason, 
no  provisions  were  made  to  measure  nozzle  thrust.  The  nozzle  exit  static 
pressure  ratio  was  monitored,  however,  and  may  be  used  as  a  correlating 
parameter  with  the  static  nozzle  test  data  reported  in  Part  II  of  this  report. 


INSTRUMENTATION 


Measurements  of  forces  and  moments  were  obtained  using  two  electrical 
strain  gage  balances.  A  six  component  balance  was  located  in  the  forebody 
of  the  model  and  was  attached  to  the  aft  shell  by  using  a  sting  type 
connector.  Since  the  model  was  symmetrical  and  was  not  yawed,  only  three 
components  were  used.  The  other  balance,  a  single  component  type,  was  lo¬ 
cated  in  the  vertical  support  strut  and  attached  directly  to  the  aft  shell. 
This  single  component  balance  was  necessary  to  provide  support  and  prevent 
excessive  deflection  between  the  forebody  and  aft  shell. 

Pressure  instrumentation  consisted  of  a  total  of  $6  static  and  total 
pressure  tap  locations.  The  locations  of  these  taps  are  shown  in  figure  13 . 
Fifty-three  of  these  were  external  static  taps  located  on  the  aft  shell  and 
horizontal  tail.  Internal  flow  measurements  and  force  corrections  were 
based  on  the  pressure  data  of  the  43  taps  located  throughout  the  interior 
of  the  model.  Two  9-tube  boundary  layer  rakes  were  also  provided  but  were 
not  tested. 

A  system  was  provided  to  indicate  grounding  between  the  aft  shell  and 
the  internal  plumbing  parts.  If  grounding  existed,  a  light  was  turned  on 
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and  the  tape  data  was  marked.  No  grounding  occurred  during  the  time  data 
were  being  obtained. 

Photographs  of  the  exhaust  plumes  were  obtained  with  a  shadowgraph 
system  in  the  transonic  test  section  and  with  a  schlieren  system  in  the 
supersonic  test  section  of  the  tunnel. 

TEST  FACILITY  AND  INSTALLATION  (j 

The  North  American  Rockwell  Trisonic  Wind  Tunnel  is  an  intermittent 
blow-down  facility  with  a  7  foot  by  7  foot  tandem  test  section  capable  of 
mach  numbers  from  .1  to  3.5. 

A  drawing  of  the  model  installed  in  the  wind  tunnel  is  shown  in  figure 
1^.  The  model  internal  air  supply  was  routed  from  an  external  source  through 
the  sting  assembly  and  support  strut  to  the  model.'  Angle  of  attack  variation 
was  accomplished  by  rotating  the  wind  tunnel  sector  using  a  pitch  and  pause 
method  of  positioning  for  pre-selected  values  of  angle  of  attack. 

All  instrumentation  lines  were  routed  through  the  strut  and  sting 
assembly  and  connected  to  leads  located  beneath  the  tunnel  floor. 

TEST  PROCEDURE 

'  "  i, 

Determination  of  exhaust  interaction  effects  on  vehicle  drag  required 
that  nozzle  pressure  ratio  (both  plug  and  C-D),  aft  end  geometry,  freestream 
mach  number  and  angle  of  attack  be  used  as  variables  during  this  investigation. 
To  accomplish  this,  angle  of  attack  or  nozzle  pressure  ratio  was  varied  dur¬ 
ing  a  constant  mach  number  run  with  configuration  changes  being  made  between 
runs.  The  run  index  is  shown  in  table  I.  The  index  is  grouped  by  mach 
number  and  major  configuration  changes  for  easy  reference,  rather  than  listed 
r>y  consecutive  blow  number. 

The  ranges  over  which  the  variables  were  investigated  are  as  follows: 

A9/AJ4  =  .15  -  1,0 
M  =  .60  -  2.0 

Angle  of  attack  =  zisro  -  10  degrees 
(pT/po)piug  =  cone  -  10.0 

(Vpo)c-D  =  cone  -  I8.5  1 
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is  defined  as  the  nozzle  cross-sectional  area  at  the  shroud  hinge  line  (sta* 

_  r“  /-\  1  \  1  A  J  _  11  m  °  * 


tion  50.31)  and  Aq  is  the  C-D  nozzle  exit  area, 
ranges  expected  in  flight. 


The  variables  encompass  the 


To  permit  angle  of  attack  or  nozzle  pressure  ratio  to  be  varied  through 
five  values  during  a  run  required  the  wind  tunnel  run  time  to  be  of  approxi¬ 
mately  25  second  duration.  Tunnel  Reynold’s  numbers  associated  with  this 
run  time  are  as  follows: 


7 


M 

%/  ^ 

.6 

5.x  106 

.85 

6.x  106 

1.25 

7.x  106 

1.70 

9.x  106 

2.0 

9.3  x  101 

Data  gathered  during  a  run  was  stored  on  a  magnetic  tape  which  was  then 
processed  on  ah  IBM  1800  data  acquisition  system. 

, 1  '  ,i  ■'  ’■ 

DATA  PRESENTATION 

All  force  data  resulting  from  this  investigation,  with  the  exception 
of  the  baseline  configuration  data,  is  presented  in  terms  of  an  incremental 
force  coefficient.  This  incremental  coefficient  is  defined  as  the  difference 
between  the  force  coefficient  of  the  afterbody  configuration  of  interest 
and  the  force  coefficient  of  the  baseline  afterbody  configuration. 

■  \ 

’  I  baseline 
[  conf. 

Ao/Am  =  .5,  the  cones  are  on  the 
plug  and  C-D  nozzles,  and  the  model  is  at  3  degrees  angle  of  attack. 

The  test  results  are  presented  in  the  model  body  axis  (chord  force, 
norma1  force,  and  pitching  moment)  rather  than  lift,’ drag,  and  pitching 
moment .  A  sketch  indicating  the  positive  direction  for  each  of  these  forces 
is  shown  in  figure  15 .  The  normal  force  and  chord  force  data  can,  of  course, 
be  resolved  into  lift  and  drag  if  required.  Chord  force  is  perhaps,  some¬ 
what,  more  meaningful!  than  drag  since  the  afterbody  data  would  be  used  in 
propulsion  system  analysis  to  correct  the  engine  thrust.  The  thrust  vector 
is  more  cloqely  aligned  with  the  chord  force  than  the  drag,  especially  at 
angle  of  attack.  Also,  for  the  present  tests,  external  surface  pressures 
oh  the  afterbody  were  measured  and  integrated  in  the  chord  force  direction. 
These  values  may  be  used  to  compare  with  the  internal  force  balance  data, 
also  in  the  chord  force  direction. 


AC  ~  C  conf.  of  I  ‘ 
Interest j 

The  baseline  configuration  has  a  value  of 


Pressure  distribution  occurring  on  the  external  surfaces  of  the  after¬ 
body  and  horizontal  tail  are  plotted  in  pressure  coefficient  form  (C„) 
versus  model  station.  Internal  pressures  occurring  in  the  nozzle  ” 
are  plotted  as  the  ratio  of  nozzle  static  to  freestream  static  pressure 
(^s/^o)  "versus  mode!  station.  All  of  these  data  were  plotted  with  an  IBM  CRT 
unit. 


All  data  resulting  from  this  test  is  reported,  in  tabulated  form,  in 
the  wind  test  report,  reference  1.  For  convenience,  a  tabulation  of  the  data 
is  presented  in  table  II. 
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Section  IV 


RESULTS  AND  DISCUSSION 


AFTERBODY  INTERACTIONS 


Afterbody  forces  have  been  determined  for  a  range  of  C-D  nozzle  con¬ 
figurations  and  both  C-D  and  plug  nozzle  pressure  ratios.  Interactions 
brought  about  by  geometry  changes  or  nozzle  exhaust  jets  are  indicated  as 
incremental  changes  in  the  force  data. 

For  those  test  blows  with  the  jets  off  or  with  just  the  plug  nozzle 
jet  operating,  the  chord  force  increments  obtained  from  the  internal  balance 
and  from  integrated  external  pressures  are  in  good  agreement.  For  these 
blows,  the  balance  tare  corrections  are  small.  With  the  C-D  nozzle  on, 
however,  the  balance  data  was  subjected  to  large  tare  forces  plus  a  static 
correction  which  tends  to  make  these  data  somewhat  questionable.  Chord 
lorce  data  requiring  these  corrections  have  been  omitted  from  the  main  body 
of  this  report.  The  results  presented  are  based  on  integrated  pressures. 

A  discussion  of  the  jet -on  chord  force  balance  data,  however,  is  presented  in 
the  Appendix  for  selected  configurations  and  mach  numbers. 

Measurement  of  normal  force  and  pitching  moments  with  the  force  balance 
was  unaffected  by  the  operation  of  the  jets.  Therefore,  all  normal  force 
and  pitching  moment  data  presented  are  based  on  force  balance  measurements.  ' 

JET  OFF  DATA 

Angle  of  Attack  and  Configuration  Effects 

During  development  testing  for  an  actual  air  breathing  vehicle,  wind 
tunnel  tests  would  be  performed  to  obtain  aerodynamic  data.  In  order  to 
link  the  aerodynamic  and  the  afterbody  tests  together,  data  from  a  common, 
or  baseline,  configuration  would  be  obtained  from  both  types  of  test .  In 
this  instance,  there  is  no  actual  vehicle,  and  no  aerodynamic  tests  were 
performed  during  the  program.  To  provide  a  realistic  exercise,  however,  a 
baseline  configuration,  Ag/AM  =  .5  (see  figure  11),  was  tested  at  each 
mach  number.  In  addition  to  the  baseline  configuration,  jet  off  data  were 
obtained  on  a  number  of  other  model  configurations.  If  desired,  the  jet 
e^/AC^S  ke  referenced  to  some  C-D  nozzle  area  ratio  other  than 

=  but  not  throughout  the  mach  number  range  (see  figure  12). 

Chord  Force 

Figure  ^  s*lows  both  force  and  integrated  pressure  chord  force  data  at 
M  =  .614  for  C-D  area  ratios  of  Ag/A^  =  .15,  .3,  and  .5.  The  main  reasons 

for  the  differences  between  the  levels  of  the  force  data  and  the  pressure 
data  are  that  the  pressure  data  are  not  integrated  over  the  horizontal  tail 
and  do  not  reflect  skin  friction  forces.  The  effect  of  changing  the  C-D 
boattail  angle  is  seen  to  be  small.  Figure  17  shows  similar  data  for 
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0n  f^®ures  ^  ^  19»  the  C-D  area  ratios  of  Aq/Am  =  .3,  ,5  and 
.  ow  arge  differences  in  chord  force  at  mach  numbers  of  1.27  and  1  7 
On  figure  20,  increasing  the  C-D  area  ratio  from  A,/^  =  %  to  ^  Ah 0 

is  seen  to  reduce  the  chord  force  by  about  25  counts  at  M  *  2.0.  In  all 
cases  the  effect  of  angle  of  attack  is  to  reduce  the  chord  force.  The  re¬ 
duction  was  about  20  counts  between  0  and  10  degrees  angle  of  attack  for  all 

Normal  Force 

fTVW1  ?°^\f?rce  values  Presented  in  figures  21  through  25  were  obtained 

force^usin^pre^sur^data1!16^8  *  "°  t0  dete™ine 

,  .  Cha"?es  in  afterbody  normal  force,  brought  about  by  changing  the  after - 

and7  Varied  between  approximately  .007  and  .010  subsonically 

and  .003  and  .010  supersonically.  These  changes  in  normal  force  were  about 
the  same  for  all  angles  of  attack.  ae  change  in  normal  force  ho^er 

5S5^Xi2£S\2£  “Ble °f  attaok  aE  would  be  »lth  * 

Pitching  Moment 

Evaluation  of  the  pitching  moment  is  dependent  on  the  value  of  the 

SS\wTIi.0 MS  mer,tl0ned  I»«vlou.ly  for  tha  norma! 

resulta  in  pltchln6  ■*»"“»•  increasing  normal  force 

results  in  a  decreasing  pitching  moment  which  is  consistent  with  the  sirn 

ahZ^°«°f  tha  Pitting  moment  values  Sare 

shown  in  figure  2 6  through  30. 

Baseline  Summary 

thron^on^^68  °VhOVt  f0^Ce,  nornial  force  and  Pitching  moment  coefficient 
hroughout  the  mach  number  range  are  summarized  in  figure  31,  32,  and  33. 

®?^,,force  and  Pressure  data  are  shown  for  chord  force  with  normal  force  and 
pitching  moment  data  being  obtained  from  balance  measurements.  All  values 
shown  are  for  3  degrees  angle  of  attack.  .  The  values  of  chord  force,  normal 
orce  and  pitching  moment  shown  are  the  values  used  to  obtain  all  incremental 

30  deSe°^  °thTlBe  8tated*  At  M  =  a6>  ^e  wLg  sweep  ts 

3  egrees.  At  all  other  mach  numbers  the  wing  sweep  is  70  degrees.  As  a 

matter  of  interest,  the  afterbody  chord  force  as  measured  by  the  balance  is 
approximately  40  percent  of  the  total  vehicle  low  angle  of  Attack  drag 
throughout  the  mach  number  range.  ® 

Incremental  Configuration  Effects 

The  effects  on  chord  force  of  changing  C-D  nozzle  area  ratio  (AJAm) 
and  hence  the  boattail  angle,  are  summarized  in  figure  34.  Both  force  data 
and  integrated  pressure  data  are  shown  and  are  seefto  be  aboSt  the  sLe 
Also  shown  are  estimated  values  of  chord  force  increments.  For  the  subsonic 
ma  h  numbers,  the  estimates  were  made  by  representing  a  portion  of  the  model 
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with  an  equivalent  body  of  revolution  and  calculating  the  pressure  distri¬ 
bution  using  the  Douglas -Neumann  analysis.  The  calculated  pressures  were 
integrated  to  obtain  the  chord  force  increments.  For  supersonic  mach 
numbers,  the  estimates  were  made  using  a  wave  drag  analysis  method.  The 
actual  model  shapes  were  used  in  the  analysis.  The  agreement  between  the 
measurements  and  estimates  is  fairly  reasonable.  Data  and  estimates  are 
shown  at  zero  angle  of  attack,  where  the  estimates  were  made.  Afterbody 
configuration  effects  have  also  been  summarized  for  an  angle  of  attack  of 
3  degrees .  These  data,  representing  the  pressure  data  only,  are  presented 
in  figure  35* 

The  measured  C-D  nozzle  configuration  effects  on  normal  force  and 
pitching  moment  increments  are  summarized  in  figure  36  and  37.  The  data, 
shown  for  3  degrees  angle  of  attack,  indicates  that  the  changes  in  normal 
force  and  pitching  moment  are  relatively  significant.  No  estimates  were 
made  for  either  normal  force  or  pitching  moment. 

Repeat  blows  were  made  at  M  =  .85  and  1.27.  The  data  shown  on  figures 
38  and  39  indicate  good  repeatability. 

Inlet  Fairing  Effects 

In  tests  of  this  type,  where  aft-end  forces  are  being  determined,  it 
is  important  to  know  how  exactly  the  rest  of  the,  model  must  also  be  repre¬ 
sented.  In  an  attempt  to  obtain  some  information  on  forebody  effects  on 
afterbody  forces,  two  inlet  shapes  were  tested.  The  basic  shape  consisted 
of  a  sharp  fairing  which  extended  forward  of  the  inlet  face  as  shown  in 
figure  1.  This  sharp  fairing  was  removable,  leaving  a  much  blunter  solid 
inlet  face.  Both  shapes  were  tested  at  all  mac£i  numbers  with  the  jets  off. 
The  results  are  shown  in  figures  40  through  54.  The  effect  of  blunting  the 
inlet  face  is  seen  to  be  negligible  on  the  measured  chord  force,  normal  force 
and  pitching  moment. 

Wing  Sweep  Effects 

Two  wing  sweep  angles,  30  and  70  degrees,  were  tested  at  M  =  .85.  As 
shown  in  figure  55  through  57,  the  effect  of  changing  sweep  angle  has  a 
negligible  effect  on  afterbody  force  coefficients. 

JET  EFFECTS 

Prior  to  the  test,  estimates  of  chord  force  increments  were  made  for 
various  configurations  and  jet  pressure  ratios.  These  estimates  are  shown 
in  figures  58  through  62.  For  the  C-D  nozzles,  the  original  estimates 
assumed  nozzles  with  sonic  flow  at  the  exit  and  plume  shapes  were  calculated 
for  this  type  of  nozzle.  Later,  in  order  to  reduce  the  tare  forces  and  to 
be  able  to  better  control  the  nozzle  pressure  ratios,  it  was  decided  to  test 
C-D  nozzles.  As  a  result,  the  nozzle  exit  static  pressure  was  considerably 
different  for  a  given  total  pressure.  The  chord  force  estimates  shown  at 
M  =  .614  and  .85  were  made  assuming  that  the  nozzle  exit  static  pressure 
determined  the  plume  shape,  and  hence  the  chord  force  increments.  The  esti¬ 
mates  are  shown  at  the  corresponding  total  pressure  ratios.  At  the  lower 
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total  pressure  ratios,  the  exit  static  pressure  ratio  is  considerably  below 
unity,,  particularly  at  Ag/A^  =  .5*  The  high  chord  force  estimates  are  due 
to  extrapolating  to  low  pressures  and  ignoring  the  possibility  of  flow 
separation.  Flow  separation  was  noted  during  the  test,  however,  for  exit 
static  pressure  ratios  less  than  approximately  .6. 

The  estimation  technique  used  to  account  for  the  plug  nozzle  effect 
could  not  simulate  a  far-wake  jet  effect.  Therefore,  only  the  near-wake 
jet  effect  of  the  plug  nozzle  is  included  in  the  estimated  data.  This  lack 
of  a  far-wake  effect  in  the  estimates  results  in  poor  comparison  with  the 
data,  as  shown  in  figures  67  and  72.  The  estimated  data  indicates  a  decrease 
in  chord  force  with  increasing  pressure  ratio  while  the  test  data  indicates 
just  the  opposite  effect. 

In  the  following  sections,  incremental  force  coefficients  due  to  C-D 
nozzle  jet  effects  are  plotted  versus  both  the  ratio  of  the  G-D  nozzle  total 
pressure  to  ambient  static  (PtA’o(C-D))  ant*  rat*°  the  C-D  nozzle 

internal  exit  static  pressure  to  ambient  static  pressure  (Po/Po(C-D)) • 

Plots  versus  total  pressure  ratio  are  presented  only  because  the  data  were 
obtained  using  nozzle  total  pressure  as  a  controlled  setting. 

The  total  pressure  ratios  do  not(  correspond  to  engine  power  settings. 

Presenting  the  data  versus  static  pressure  ratio  is  more  general.  If 
actual  power  settings  and  nozzle  geometry  are  known,  the  exit  static  pres¬ 
sure  ratio  may  be  determined.  The  static  pressure  ratio  is  also  the  most 
predominate  parameter  in  determining  plume  shape.  Finally,  the  internal 
nozzle  performance  data,  presented  in  Part  II  of  this  report,  may  he  linked 
to  the  external  force  increments  by  way  of  the  exit  static  pressure  ratio. 

Both  estimated  and  measured  data  were  converted  from  total  pressure 
ratio  to  static  pressure  ratio  by  using  the  relations  presented  in  figure 
63.  The  curves  on  this  figure  were  based  on  measured  pressure  data  from 
the  various  C-D  nozzle  configurations. 

For  all  C-D  nozzle  configurations  tested,  the  nozzle  flow  separated 
for  exit  static'  pressure  ratios  below  approximately  .6.  Once  the  flow 
separated,  the  static  pressure  ratio  jumped  to  a  value  near  unity.  To 
identify  separated  points  on  the  curves  plotted  versus  total  pressure  ratio, 
only  data  points  with  attached  flow  have  been  faired  through  with  a  curve. 

On  the  curves  plotted  versus  static  pressure  ratio,  the  separated  points 
have  been  omitted. 

Chord  Force  Increments 

M  =  .614 


C-D  nozzle  jet  effects  on  chord  force,  as  determined  from  integrated 
pressure  data,  are  plotted  versus  total  pressure  ratio  in  figures  64  through 
66.  In  figure  64,  the  cone  was  on  the  plug  nozzle  and  the  C-D  nozzle  pres¬ 
sure  ratio  was  varied.  A  maximum  chord  force  reduction  due  to  jet  effects 
of  about  12  counts  is  noted.  On  figure  65;  the  plug  nozzle  pressure  ratio 
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is  held  constant  at  2.0  and  the  C»D  pressure  ratio  is  again  varied.  Operating 
the  plug  nozzle  is  seen  to  have  an  unfavorable  effect.  The  plug  nozzle  at 
a  pressure  ratio  of  5«0  is  shown  in  figure  66.  A  chord  force  increase  of  as 
much  as  12  counts  is  seen.  The  plug  nozzle  effect,  with  cones  on  the  C-D 
nozzle,  is  shown  in  figure  67.  An  unfavorable  measured  chord  force  incre¬ 
ment  of  15  counts  is  noted.  The  estimated  increment,  shown  by  the  dashed 
line,  does  not  include  far-vake  effects  and  is  seen  to  be  a  poor  estimate. 

For  all  figures,  the  data  points  with  cones  on  are  plotted  at  a  pressure 
ratio  of  1,0. 

Figure  68  shows  the  effect  of  C-D  nozzle  exit  static  pressure  ratio  on 
the  chord  force  increment.  For  the  various  nozzle  configurations  shown, 
increasing  the  pressure  ratio  is  seen  to  reduce  the  chord  force,  but  not 
drastically.  For  example,  a  10  count  reduction  in  chord  force  required  an 
increase  in  static  pressure  ratio  from  .6  to  2.1  for  the  =  .3  configu¬ 

ration.  The  solid  data  points  represent  chord  force  increments  for  configu¬ 
rations  with  conical  fairings  installed  on  the  C-D  nozzles.  These  values 
do  not  have  a  unique  location  on  the  static  pressure  ratio  axis.  They  are 
therefore  arbitrarily  plotted  at  the  pressure  ratio  that  is  estimated  to 
produce  a  plume  shape  whose  initial  angle  is  the  same  as  that  of  the  cone. 

The  estimated  values  shown  correspond  to  those  on  figure  58,  but  plotted 
versus  static  pressure  ratio.  The  measured  points  correspond  to  those  in 
figures  64  through  66,  plotted  versus  static  pressure  ratio.  Note  that  the 
estimates  compare  reasonably  well  with  the  measurements  when  the  plug 
nozzle  is  not  operating.  6 


M  =  .85 


Figures  69  through  71  show  the  C-D  nozzle  total  pressure  ratio  effect 
for  plug  nozzle  pressure  ratios  of  2.0  end  5.0  with  the  cone  installed.  The 
curves  appear  similar  to  the  M  =  .6l4  data  with  a  maximum  chord  force  re¬ 
duction  of  about  7  counts.  The  plug  nozzle  far-wake  effect  is  again  seen  to 
e  unfavorable  by  15  counts  on  figure  72,  as  opposed  to  the  estimate. 


Bhe  effect  of  C-D  exit  static  pressure  ratio  is  presented  in  figure  73. 
Estimated  increments  are  also  shown  on  figure  73.  Comments  on  the  M  =  .85 
data  and  estimates  are  similar  to  those  for  M  =  .614, 

M  =  1.27 


At  M  *  1.27  and  the  other  supersonic  mach  numbers,  fewer  blows  were 
made  since  C-D  nozzle  jet  effects  were  estimated  to  be  negligible.  Figure 
74  shows  C-D  nozzle  jet  effects  on  chord  force  with  the  plug  nozzle  operat¬ 
ing  at  a  pressure  ratio  of  3.  At  a  C-D  nozzle  area  ratio  of  An/A*.  =  .5,  a 
chord  force  reduction  of  20  counts  is  measured  with  both  plug  and  C-D  nozzle 
,ets  operating.  Thus,  the  C-D  nozzle  jet  effects  are  not  negligible.  At 
he  higher  C-D  nozzle  area  ratio  (lower  boattail  angle),  the  jet  effect  is 
less,  as  would  be  expected.  Figure  75  shows  plug  nozzle  jet  effects.  For 
subsonic  mach  numbers,  the  plug  jet  effect  was  unfavorable,  however  at  this 
mach  number,  it  is  seen  to  be  slightly  favorable.  Chord  force  increments 
versus  C-D  nozzle  static  pressure  ratio  are  shown  in  figure  76.  An 
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increasing  pressure  ratio  is  seen  to  reduce  the  chord  force  for  all  config¬ 
urations.  As  mentioned,  the  estimated  C-D  jet  effects  were  negligible  and 

app!?rs  af  a  horizontal  line  in  figure  7 6.  Unlike  the  subsonic 
cases,  large  configuration  effects  are  noted  at  M  =  1.27  with  either  C-D  or 
plug  nozzles  operating. 

M  =  1.7 

„  . .  F5g!£e  77  fh0?s  C“D  nozzle  ^t  effects  with  the  plug  nozzle  pressure 
ratio  held  constant  at  5.0.  Favorable,  but  smaller  C-D  nozzle  jet  effects 
are  measured.  The  plug  nozzle  jet  effects,  with  the  C-D  nozzle  jet  pressure 
ratio  constant  atlO.O,are  shown  in  figure  78.  The  plug  nozzle  effects  are 
again  favorable.  Figure  79  presents  the  incremental  chord  force  versus  C-D 

pJ?ssure  rati0*  Slightly  favorable  near-wake  jet  effects  are 
again  shown  as  the  Pressure  ratio  increases.  Large  configuration  effects 

tit  n°tet'  The  estimates  are  seen  to  be  in  reasonable  agreement  with 

une  measurements. 

M  =  2.0 

The  C-D  nozzle  jet  effects  are  quite  small,  as  seen  in  figure  80,  with 
the  plug  nozzle  pressure  ratio  held  constant  at 5.0.  Plug  nozzle  jet  effects 
are  also  small  as  noted  in  figure  8l.  The  C-D  nozzle  pressure  ratio  was 
heid  constant  atl5.0.  C-D  nozzle  static  pressure  ratio  effect  is  shown  in 
figure  82.  As  was  noted  at  the  other  two  supersonic  mach  numbers,  substan- 

bia^  configuration  effects  are  present.  Here  the  estimates  agree  very  well 
with  the  measurements.  B  y  1 

Chord  Force  Summary 

For  practical  operation  of  a  C-D  nozzle,  the  exit  static  pressure  ratio 
will  very  likely  be  near  unity.  It  may  be  noted  in  figures  68,  73,  76  7Q 
and  82  that  the  chord  force  increment  is  a  relatively  weak  function  of  the’ 
exit  static  pressure  ratio  for  a  given  value  of  A^/A^  ,  In  fact,  with  little 
loss  in  accuracy,  the  value  of  chord  force  increment  at  Po/PQ  =  1.0  may  be 
taken  to  represent  a  range  of  exit  static  pressure  ratios  of  from  .6  to  1.2. 
This  has  been  done  and  the  results  are  shown  as  the  solid  lines  in  figures 

^  *  f°f  various  values  of  plug  nozzle  pressure  ratios.  Note  that  the 

chord  force  increment  may  be  plotted  versus  Ag/lt,,  which  is  convenient  for 
a  thrust  minus  drag  evaluation.  The  dashed  lines  are  taken  from  figure  35 
and  represent  data  with  the  jets  off.  b 


At  the  subsonic  mach  numbers,  the  jet  effects  are  predominant.  At  the 
supersonic  mach  numbers,  the  configuration  effects  are  predominant. 

Normal  Force  Increment s 


M  =  .614 

Q£  Tha„eff®ct  of  C-D  nozzle  totai  pressure  ratio  is  shown  in  figures  85, 

86  and  87.  Values  of  normal  force  increment  are  presented  for  plug  pressure 
ratios  of  cone,  2.0  and  5.0.  Increaaing  C-D  nozzle  pressure  ratio  increases  the 
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“f™11  f°roe  Wlth  the  y*M  -  -5  area  ratio  configuration  experi¬ 
ES"  ~tl0  f°r  th.  =ase  with  a  cone  Installed  in  the  oS  foSs  is 

fig?re  88  *  A11  configurations  show  a  decreasing  normal  force  with 

Sessure  LtioSofrqUre/f n°  V«h  °f  *012  being  n0ted  betveen  a 

pressure  ratio  of  1.5  and  5.0.  Blows  conducted  with  the  horizontal  tail 

mentll  chaneef  "a  tha!Lthe  "aJor  P°rtlon  °f  ‘he  normal  force  and  the  incre- 

a “ol^eecti^  ^  taU  “Self-  1,113  data  1,111  ba  *""**  *» 

Incremental  changes  in  normal  force  plotted  versus  C-D  nozzle  exit 
static  pressure  ratio  are  presented  in  figure  89,  90  and  91.  An  increasing 

urations.ratl°  13  accompanied  ^  an  increasing  normal  force  for  all  configf 
M  =  .85 

Changes  in  normal  force  increments  due  to  C-D  nozzle  total  pressure 
ratio  are  similar  to  the  effects  noted  at  M  =  ,6l4  with  the  magnitude  of 
the  normal  force  being  generally  smaller  than  the  M  =  ,6l4  values.  These 
data  are  shown  in  figures  92,  93  and  c*.  The  effect  of  plug  nozzie  pressure 
ratio  is  presented  in  figure  95.  This  pressure  ratio  effect  is  also  sirti W 
slichtl  n°te^at  M  "  ;614  with  the  magnitude  of  the  normal  force  again  being 
97  £d  98  Aswith  ?ie  f atia  f essure  fatio  effacts  are  shown  in  figure  96, 
increase  ke  nor^l  force/  C&SeS'  increasing  Pressure  ratio  values 

M  =  1.27 

C-D  nozzle  jet  effects  on  normal  force  are  shown  in  figure  99.  The 

ahTo  cT"  "  Pre3ef ed  f°r  a  plu8  *"“«•  ratio  heid  instant 

O  ihe/;D  pressure  ratio  was  varied.  For  Aq/AM  ratios  of  .5  and 

*  *  the  ^ffeCt  °f  increasin6  total  pressure  ratio  is  to  reduce  the  normal 
force.  The  largest  value  of  normal  force  and  the  greatest  change  due  to 

TnTcTfT  °  °CCUrred  at  V*M  -  .8.  At  A9/Am  =  .3  the  etTcl  of  increas¬ 
ing C-D  total  pressure  ratio  is  to  increase  the  normal  force  slightly  with 
a  change  of  .001  being  noted  between  pressure  ratios  of  3.0  and  12  0  Pluc 

the  C“°  Pressure  rati0  held  constant  a?  8  A  are  8 
fJSWA10°’+/n  iSCreasing  Pressure  ratio  increases  the  normal  force 
wl?*-7  a*  A?/Am  rf/°S  °f  *3  *5  while  reducin6  the  normal  force  at 

"  *8'  Pre®enting  the  normal  force  increments  versus  nozzle  exit  static 

pressure  ratio'nlof/6  p01'  indl+cates  the  saffle  trend  described  in  the  total 
pressure  ratio  plots.  However,  the  slope  of  the  Ao/Am  =  .8  curve  is  verv 

steep  indicating  a  sensitivity  to  P9/P0.  9  M  y 

M  =  1.7 

.  tbi®  raach  nujuber>  the  plug  pressure  ratio  was  held  constant  at  5  0 

SSrX  Zir*  ratl°  r  Varled-  rasulti^  tota  ls  zhl  L5,0 

prfssuri  ratio  ^a™6feS  f°rCe  are  shown  with  increasing  total 

ttjzxrjzr s&jts  sa 


«.l  >H<.  'HI1MI KIKIIH'H in II  i||t|,^1HI|ll,1|.|1l|l|f,fu 


is  seen  to  be  a  small  increase  in  normal  force.  An  increasing  C-D  nozzle 
exit  static  pressure  ratio  is  seen  to  reduce  the  normal  force  a  small  amount 
in  figure  104. 

M  =  2.0 


Varying  the  C-D  nozzle  pressure  ratio  with  the  plug  nozzle  pressure 
ratio  held  constant  at  5*0  produced  the  data  shown  in  figure  105 •  Total 
pressure  ratio  is  seen  to  produce  a  small  decrease  in  normal  force.  The 
maximum  decrease  being  .001.  Plug  nozzle  jet  effects  are  shown  in  figure 
106.  Normal  force  is  seen  to  increase  with  increasing  pressure  ratio.  Exit 
static  pressure  ratio  effect  of  the  C-D  nozzle  are  shown  in  figure  107. 

Pitching  Moment  Increments 

In  the  discussion  of  pitching  moment  increments  for  jet  off  conditions, 
the  statement  was  made  that  characteristics  exhibited  by  the  normal  force 
would  also  be  present  in  the  pitching  moment.  That  is,  an  increasing  normal 
force  would  result  in  a  decreasing  pitching  moment.  This  statement  is  not 
necessarily  true  while  either  the  plug  or  C-D  nozzle  are  operating.  Dis¬ 
turbances  caused  by  the  exhaust  jets  may  produce  changes  in  the  pressure 
distribution  over  the  afterbody  and  horizontal  tail.  The  load  distributions 
over  the  afterbody  and  horizontal  tail,  therefore,  will  also  change.  Deter¬ 
mination  of  the  pitching  moment  is  dependent  on  the  normal  loads  and  the 
point  of  application,  which  itself  is  dependent  on  the  load  distribution. 
Therefore,  it  is  conceivable  that  a  condition  can  exist  where  the  normal 
force  increases,  but  the  location  of  the  point  of  application  is  such  that 
the  pitching  moment  also  increases.  Comparison  of  the  data  of  figures  85 
and  108  show  such  a  condition  for  the  A<yAj4  values  of  .15  and  .30. 

Presentation  of  data  for  the  pitching  moment  increments  is  identical  to 
the  method  used  for  chord  and  normal  force.  That  is,  the  increments  are 
plotted  versus  C-D  total  pressure  ratio,  plug  nozzle  total  pressure  ratio 
and  C-D  nozzle  exit  static  pressure  ratio.  Data  for  subsonic  mach  numbers 
is  presented  in  figure  108  through  121.  Supersonic  conditions  are  shown  in 
figure  122  through  130. 

Angle  of  Attack  Effects 

At  each  mach  number  tested,  angle  of  attack  sweeps  were  made  with  both 

plug  and  C-D  jets  operating  at  a  constant  value.  Figure  131  shows  the  chord 

force  increments  at  M  =  .6l4  with  both  plug  and  C-D  nozzle  jets  at  a  pressure 
ratio  of  2.0.  Also  shown  are  data  from  other  blows  with  the  jets  operating 
at  the  same  pressure  ratio  for  the  same  and  for  different  C-D  nozzle  area 
ratios.  Good  repeatability  is  noted  at  the  same  area  ratio.  The  area  ratio 

(configuration)  effects  are  small  and  about  the  same  as  they  were  with  the 

jets  off.  Figure  132  shows  similar  data  for  M  =  .85.  For  blows  26  and  27, 
however,  the  data  are  questionalbe  since  the  internal  pressure  readings  for 
the  left  and  right  C-D  nozzles  were  different.  This  could  indicate  that  one, 
or  both,  of  the  nozzles  had  separated  flow.  Figures  133,  134  and  135  show 
data  at  mach  numbers  1.27,  1*7  and  2.0.  As  for  the  M  =  ,6l4  data,  good 
repeatability  is  noted,  and  configuration  incremental  effects  are  comparable 


to  jet  off  increments. 

Normal  force  increments  are  shown  in  figure  13 6  through  140.  Changes 
caused  by  varying  angle  of  attack  are  similar  to  the  jet  off  data. 

Figures  l4l  through  145  present  the  pitching  moment  increment  versus 
angle  of  attack.  The  data  is  again  similar  to  jet  off  results. 

Horizontal  Tail  Effects 

Three  blows  were  made  at  M  =  .85  with  the  horizontal  tail  removed  in 
an  attempt  to  reconcile  the  differences  between  chord  force  data  obtained 
with  the  force  balance  and  integrated  pressures.  The  results  are  shown  in 
figure  146,  147  and  140.  With  the  tail  removed  the  difference  between  the 
force  and  pressure  data  should  be  the  amount  due  to  skin  friction  on  the 
afterbody.  The  afterbody  skin  friction  was  estimated  to  be  about  12  counts 
for  the  test  conditions.  This  does  not  make  up  the  difference.  The  remain¬ 
ing  amount  may  be  due  to  insufficient  density  of  pressure  taps  on  the  after¬ 
body.  However,  the  differences  in  chord  force  between  various  configurations 
for  the  jet  off  blows ,  as  indicated  by  the  force  and  pressure  data,  are 
about  the  same. 

Normal  force  and  pitching  moment  effects  are  shown  in  figure  149  through 
154.  Changes  in  normal  force  and  pitching  moment  due  to  angle  of  attack 
variation  occur  only  on  the  horizontal  tail.  Also,  changes  brought  about 
by  plug  nozzle  pressure  ratio  changes  occur  almost  entirely  on  the  horizontal 
tail.  C-D  nozzle  pressure  ratio  variations  produced  negligible  changes  for 
both  conditions,  tail  on  and  off. 

LOCAL  FLOW  DATA 


The  local  flow  data  obtained  during  this  test  consisted  of  static 
pressures  on  the  external  afterbody  and  internal  pressures  near  the  C-D 
nozzle  exit.  In  addition,  photographic  data  in  the  form  of  schlieren  and 
shadowgraphs  of  the  exhaust  plume  and  afterbody  are  also  presented  for 
selected  configurations  and  mach  numbers. 

The  plotted  data  is  presented  so  that  the  pressure  coefficients  on  the 
C-D  nozzles  and  portions  of  the  afterbody,  on  the  plug  nozzle  afterbody,  and 
on  the  inside  of  the  C-D  nozzle  are  shown  on  separate  plots.  Pressure’s  on 
the  lower  surface  of  the  horizontal  tail  are  shown  on  the  same  plot  as  the 
plug  nozzle  afterbody.  The  pressure  plotted  at  station  53.5  on  the  curves 
showing  C-D  nozzle  internal  pressures  is  actually  the  internal  pressure 
between  the  shroud  and  nozzle  liner  located  near  the  inflatable" seal. 

COMPARISON  WITH  ANALYTIC  RESULTS 

Prior  to  the  test,  an  analysis  was  conducted  to  estimate  the  afterbody 
chord  force.  For  the  subsonic  portion  of  the  analysis,  pressure  coefficients 
were  calculated  on  an  equivalent  axisymraetric  afterbody.  The  details  of  this 
procedure  are  described  in  reference  2. 
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A  comparison  of  the  estimated  and  test  pressure  coefficients  at  equiv- 
nozzle  exit  static  pressure  ratios  are  shown  in  figures  155  through 
loo.  The  estimated  values  are  consistently  higher  than  the  measured  values. 
This  deviation  results  primarily  from  trying  to  approximate  a  complex  after¬ 
body  shape  with  an  equivalent  axisyrametric  shape.  In  addition,  the  analytic 
procedure  makes  no  provision  for  wings,  tai)s  or  support  struts  which  all 
effect  the  local  pressures. 

On  the  plug  nozzle  afterbody,  figures  167  through  172,  the  comparison 
between  the  estimated  and  test  data  shows  large  differences.  These  differ- 
ences,  can  again  be  attributed  to  the  geometry  effects  mentioned  above. 
Although  the  levels  of  the  estimated  pressures  differ  from  the  measured 
values,  the  estimated  afterbody  chord  force  increments  were  in  reasonable 
agreement  with  the  measured  values  in  many  cases . 

BASE  PRESSURE  DISTRIBUTIONS 

On  the  model  tested,  a  blunt  base  region  was  present  between  the  C-D 
nozzles  at  station  50.3 .  The  pressure  coefficients  in  this  region  are  pre¬ 
sented  in  figure  173  through  177.  For  the  subsonic  mach  numbers,  the  small 
base  pressure  coefficients  in  combination  with  the  small  base  area  (.00347 
square  feet)  result  in  negligible  chord  force  coefficients  due  to  base 
pressure.  For  the  supersonic  mach  numbers  a  minimum  pressure  coefficient 
value  of  minus  .26  is  obtained.  This  is  equivalent  to  2.96  counts  of 
chord  force. 


,  Figure  178  presents  a  comparison  between  the  estimated  base  pressure 
coefficients  reported  in  reference  3  and  the  test  data. 

BOUNDARY  LAYER  THICKNESS  ESTIMATES 

Since  it  was  not  possible  to  make  boundary  layer  thickness  measurements 
during  the  test,  estimates  have  been  made. 

Turbulent  flow  and  freestream  mach  number  along  the  model  were  assumed. 
The  displacement  thickness  was  calculated  using  the  equation  shown  in 
figure  179.  The  ratio  between  the  displacement  thickness  and  the  total 
boundary  layer  thickness  was  based  on  a  one  seventh  power  profile.  The 
results  are  shown  in  figure  179  for  the  mach  numbers  and  Reynolds  numbers 
tested.  The  estimated  boundary  layer  thickness  at  the  afterbody  split  line 
is  about  0.5  inches  and  at  the  end  of  the  model,  a  little  over  0.6  inches. 

PHOTOGRAPHIC  DATA 

Photographic  data  taken  at  .6,  .85  and  1.27  mach  numbers  were  obtained 
using  a  shadowgraph  system.  The  size  of  the  model  and  the  installation  of 
the  shadowgraph  camera  was  such  that  only  one  nozzle  system  (plug  or  C-D) 
at  a  time  could  be  photographed.  To  see  the  relationship  between  the  two 
nozzle  systems,  a  composite  of  two  photographs  was  made  and  is  shown  in 
figure  180.  Photographs  of  the  plug  nozzle  exhaust  plumes  at  .6  and  .85 
mach  numbers  are  shown  in  figure  l8l.  C-D  nozzle  exhaust  plumes  at  ,6  are 
1.27  mach  numbers  are  shown  in  figure  182  and  183. 
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for  subsonic  and  transonic  roach  numbers.  At  the  supersonic  roach  numbers 
tested,  the  same  effect  is  noted  but  is  much  less  pronounced. 

Plug  Nozzle  Pressure  Ratio  Effects 

•  ' 

Plug  nozzle  pressure  ratio  effects  on  the  vehicle  afterbody  are  pre¬ 
sented  in  figures  237  through  276.  Operation  of  this  nozzle  produces  a 
far -wake  jet  effect  on  that  portion  of  the  afterbody  downstream  of  the 
nozzle  exit  and  a  near -wake  effect  on  the  plug  nozzle  afterbody.  The  data 
shown  covers  the  range  of  mach  numbers  tested  for  an  angle  of  attack  of  3 
degrees  with  a  Ay/A^  =  .5  configuration. 

Subsonically,  the  effect  of  the  plug  nozzle  pressure  ratio  on  the  after¬ 
body  is  significant.  An  increasing  pressure  ratio  is  seen  to  produce  lower 
pressures  on  the  fuselage  downstream  of  the  nozzle  exit  (far-wake  effect) 
and  increasing  pressures  upstream  of  the  nozzle  exit.  Supersonically,  the 
effect  of  pressure  ratio  is  seen  to  be  small.  On  the  bottom  side  of  the 
horizontal  tail,  however,  significant  pressure  changes  are  noted  both  sub¬ 
sonically  and  supersonically. 

Afterbody  Geometry  Effects 

Changes  in  afterbody  pressures  due  to  configuration  changes,  i.e., 
different  values  of  Ag/A^,  may  be  determined  by  making  comparisons  between 
the  data  in  figures  277  through  300.  At  each  mach  number,  three  values  of 
Aq/Afj  were  tested.  The  particular  value  of  A^/A^  is  indicated  in  the  con¬ 
figuration  title;  P03,  P02,  etc.  The  meaning  of  these  numbers  in  terms  of 
Ag/Ajyj  are  determined  from  the  run  index.  The  data  presented  is  for  a  con¬ 
stant  Apgle  of  attack  of  3  degrees  with  either  the  jets  off  or  the  conical 
closures  installed. 


Angle  of  Attack  and  Mach  Number  Effects 

'VjJ,  f 

jAngle  ojf*  attack  effects  on  afterbody  pressures  are  presented  in  figure 
301  through  3i?0.  Mach ,  number  effects  may  also  be  determined  by  comparing 
the  da|a  const a^|iv'^ngi!e''pf  attack.  All  data  is  presented  for  A^/Ajj  =  .50 
and  with  th^  coni cal'  fclosure'Ains tailed  in  both  the  C-D  and  plug  nozzles. 
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Section  V 


CONCLUSIONS  AND  RECOMMENDATIONS 


Afterbody  configurations  producing  a  change  in  boattail  angle  from  6.7 
to  13.5  degrees  (Ag/A^  =  .50  to  .15),  with  the  jets  off,  results  in  only  a 
five  count  change  in  chord  force  at  ,6l4  and  .85  mach  numbers.  At  mach 
numbers  of  1.27  and  1.7  the  chord  force  decreases  approximately  50  counts  as 
the  boattail  angle  ranged  between  10  and  2.4  degrees,  jets  off.  A  chord 
force  decrease  of  about  25  counts  was  noted  at  mach  2.0  as  the  boattail 
angles  change  from  6.7  to  zero  degrees,  jets  off.  The  above  values  agree 

fairly  well  with  the  estimated  configuration  effects. 

/ 

A  jet  off  configuration  change  that  caused  an  increase  in  chord  force,  1 
from  the  baseline  configuration,  caused  a  decrease  in  normal  force  and  an 
increase  in  pitching  moment.  A  decrease  in  chord  force  resulted  in  an  in¬ 
crease  in  normal  force  and  a  decrease  in  pitching  moment. 

Jet  effects  were  tested  with  two  plug  nozzles  located  forward  on  the 
afterbody,  and  with  two  convergent -divergent  (C-D)  nozzles  located  at  the  aft 
end  of  the  model.  The  plug  nozzle  jet  effects  on  chord  force  were  unfavorable 
at  mach  numbers  .6  and  .85.  Measured  chord  force  increments  from  the  base¬ 
line  were  about  plus  15  counts.  Estimated  plug  nozzle  effects  did  not  include 
far-wake  effects  on  the  afterbody  and  predicted  favorable  jet  effects  of 
about  the  same  amount.  At  mach  numbers  1.27,  1.7  and  2.0,  plug  nozzle  jet 
effects  cn  chord  force  were  favorable  and  were  reasonably  close  to  predicted 
values.  The  worst  agreement  was  at  mach  number  1.27.  Plug  nozzle  jet 
6^ffCtS  Pr°<iuceci  significant  changes  in  normal  force  and  pitching  moment  at 
.614  and  .85  mach  numbers  with  a  lesser  effect  being  noted  at  the  supersonic 
mach  numbers.  The  major  portion  of  these  changes  however,  take  place  on  the 
horizontal  tail. 

C-D  nozzle  jet  effects  produced  a  favorable  chord  force  change  at  all 
mach  numbers  tested.  At  mach  numbers  .6  and  .85,  a  reduction  in  chord  force 
of  up  to  about  15  counts  was  measured.  The  measured  increments  agreed  quite 
well  with  estimates  when  the  flow  in  the  C-D  nozzles  was  not  separated.  At 
the  supersonic  mach  numbers,  the  C-D  nozzle  jet  effects  were  estimated  to  be 
zero,  but  small  reductions  in  chord  force  were  measured.  C-D  hozzle  jet 
effects  on  normal  force  and  pitching  moment  were  similar  to  those  noted  for 

the  plug  nozzle,  i.e.,  the  greatest  changes  occurred  at  the  subsonic  mach 
numbers . 

t  no*flow  inlet  was  tested  with  both  a  sharp  and  blunted  inlet. 

In  addition,  the  wing  was  tested  at  sweep  angles  of  30  and  70  degrees.  Both 
of  these  configuration  changes  resulted  in  a  negligible  effect  on  chord  ' 
force,  normal  force  and  pitching  moment  at  the  mach  numbers  tested. 

The  C-D  nozzles  were  constructed  with  a  sharp  trailing  edge  to  simulate 
full  scale  nozzles.  In  addition,  the  split  between  the  metric  and  the  non¬ 
metric  portion  of  the  aft  end  of  the  model  was  located  internally  to  avoid 
having  a  gap  on  the  external  surface  near  the  trailing  edge  of  the  C-D 
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nozzles.  As  a  result,  some  large  tare  forces  and  other  corrections  were 
encountered  on  some  runs  with  the  C-D  jets  operating.  Chord  force  data 
obtained  with  the  internal  balance  for  these  runs  is  questionable.  It  appears, 
however,  that  slight  changes  in  the  construction  details  of  the  nozzle  could 
result  in  a  much  improved  situation.  Normal  force  and  pitching  moment  data 
were  not  affected.  The  integrated  pressure  data  appears  to  give  good  results 
for  chord  force  increments. 

It  is  recommended  that  for  future  tests  of  this  type,  and  with  a  similar 
afterbody  nozzle  arrangement,  that  the  construction  details  be  improved  to 
significantly  reduce  the  tare  forces  and  static  corrections  required  on  the 
internal  balance  chord  force  data.  A  short  development  test  to  determine  the 
best  approach  is  suggested. 
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Figure  24 .  Effect  of  C-D  Configuration  On  Normal  Force  -  M  ■  1.7 
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Figure 


Flguro  28.  If fact  of  C-D  Configuration  On  Pitching  Moment  -  m  ■  1.27 
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Figure  32.  Base  Line  Configuration  Normal  Force 


66 


Figure  34  .  Afterbody  Configuration  Effect*  on  Chord  Force 
Increment*  -  Comparison  with  Estimate* 
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Figure  39.  Chord  Force  Repeatability-  M=1.27 
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Figure  41.  Effect  of  Blunt  Inlet  Fairing  on  Chord  Force  -  M»,85 
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Figure  44.  Effect  of  Blunt  Inlet  Fairing  on  Chord  Force  -  JW2.0 


Figure  46.  Effect  of  Blunt  Inlet  Fairing  on  Nomal  Force  -  f^.85 


Figure  49.  Effect  of  Blunt  Inlet  Fairing  on  Normal  force  -  M-2.0 
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Figure  52-  Effect  of  Blunt  Inlet  Feiring  On  Pitching  Moownt  -  M  -  1.27 
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Figure  59.  Estimated  Total  Chord  Force  Increment  -  M=.8J 


Figure  6l.  Estimated  Total  Chord  Force  Increment 
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Figure  63  •  Relationship  Between  O-D  Nozzle  Total  and  Exit  Static  Pressure  Ratios 
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gure  66.  C-D  Nozzle  Jet  Effects  on  Chord  Force 


Lovvi 


. r  l . ,“Pf pi j i 


. . . 


. . .  m  P 


P9/P°  [C-D] 

Figure  68.  C-D  Noaale  Static  Preaaure  Ratio  Effect  on  Chord  Force  Increment  - 

M  =  .614. 
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Figure  76 .  G-D  Noaale  Statio  Preeeure  Ratio  Effect  on  Chord  Force  Increment 

M  =  I.27. 
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gure  80.  C-D  Nozzle  Jet  Effects  on  Chord  Force  Increment 


Figure  84.  Summary  of  Configuration  and  Jet  Effects  on  Chord  Fores  Increment 

M  =  1.7  and  2.0. 


Figure  85.  C-D  Nozzle  Jet  Effects  On  Normal  Force  Increment  -  m  ■  ,6l4 
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Figure  96.  G-D  Noizle  Statio  Preesure  Ratio  Effects  on  Normal  Force  Increment 

M  =  .85. 
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Figure  97.  C-D  Nozzle  Static  Pressure  Ratio  Effects  on  Normal 
Force  Increment  -  M  =  .85 
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Figure  101.  C-D  Nozzle  Static  Pressure  B 

Force  Increment  -  M  ■ 
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Figurei105.  C-D  Nozzle  Jet  Effects  On  Normal  Force  Inc 
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Figure  115-  C-D  Noxile  Jet  Effect*  On  Pitching  Moment  Increment  -  M  ■  ,8$ 
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Figure  118.  Plug  Nozzle  Jet  Effect*  On  Pitching  Moment  Increment  -M  ■  .85 
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Figure  127.  C-D  Nozzle  Static  Pressure  Ratio  Effects  on  Pitching 

Moment  Increment  -  M  »  1.7 
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FIGURE  156.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  V*,, .  .15  jVie=30°  AT 

0.G12  Mo.CPt/PoTc-o=4.900.CPt/Po3plug=CONE  .<x=  2.7 
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FIGURE  157.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  Vam  *  -3  Wle=30°  AT 

0.613  Mo  .  CPt/Po)c-d=CONE  .  CPt/Po)plub  =CONE  ,<x  =  0. 
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FIGURE  158 I.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  aJAm-  .3  _Ajc=30°  AT 
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FIGURE  159.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  Vam  -  .50  _/Ue=3  0°  AT 
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FIGURE  160. PRESSURE  COEFFICIENTS  ON  C-0 

AFTERBODY  Vam  ■ -5  jVle=30°  AT 

0.611  Mo.CPt/Po)c-o=6.836.CPi/Po)plug-CONE  .<x  =  2.8 
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FIGURE  162.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  V*  -  .15  Ale  =70 

0.849  Mo  .  CPt/P0)c-o=4. 960,  CPt/Pq)plug  =CONE 
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FIGURE  163.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  A9/AM  -  .30  A4_e=70°  AT 

0.851  M0  »  CPt/Po)c-d=C0NE  .  C  Pt/PqDplug  =CONE  ,  cx  = 
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FIGURE  164.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  Vam  -  .30  _A.'E=70°  AT 

0.847  Mo.CPt/Po)c-o=5.O28.CPt/Po)plug=C0NE  .«=  2.9 


FIGURE  165. PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  V*m  -  .50  7Ue=30°  AT 

0.850  Mo .  CPt/Po)c-o=C0NE  .  CPt/Po)plug  =CONE  ,«=  0. 
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FIGURE  166  ■  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  Vam  -  -50  -A-le=70°  AT 

0.843  Mo  •  (Pt/PoIc-o=7.  088.  CPi/PoIplug  =C0NE  .«=  2. 
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FIGURE  170.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  (W1B1K1N1  P03  HI  VI I  A4.e=70°  AT 
0.848  Mo  .  CPt/Po)c-o=CONE  .  CPt/PoIplug  =CONE  .  a= 
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FIGURE  171.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
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TWT  BLOW  NO.  019-05 


PRESSURE  DISTR 


HOCCL  tTAIION  •  INCHES 


FIGURE  172- PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P06  HI VI 3  7Ue=70°  AT 
0.846  Mo  •  CPt/Po)c-d=CONE  .  (Pi/PoIpiug  =5.  018. a=  2.3 


Figure  17H.  C-D  Nozzle  Jet  Effects 
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Figure  175*  C-D  Nostle  Jet  Effect*  on  Base  Pressure  •  M  ■  1.27 
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Figure  178 .Comparison  of  Estimated  and  Measured  Base  Pressure  Coefficients 
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Figure  179.  Estimated  Turbulent  Boundary  Layer  Thickness  on  Model 
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Figure  180.  Composite  Shadowgraph  of  C-D  and  Plug  Nozzles 
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Figure  l8l .  Shadowgraph  of  Plug  Nozzle  Exhaust  Plume 
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Figure  182.  Shadowgraph 
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Figure  183.  Shadowgraph  or  C-D  Nozzle  Exhaust  Plu 
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Figure  iQ4  #  Schlieren  Photograph  of  Complete  Model  -  M  -  1.70 
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Figure  l^r; .  Exhaust  Plume  for  Varying  C-D  Nozzle  Pressure  Ratio  - 

M  =1.7 
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Figure  186.  Exhaust  Plume  for  Varying  C-D  Nozzle  Pressure  Ratio 
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Figure  187.  Exhaust  Plume  for  Varying  Plug  Nozzle  Pressure  Ratio 
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Figure  188.  Exhaust  Plume  for  Varying  Plug  Nozzle  Pressure  Ratio 
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FIGURE  190.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CWIB1K1N1  P01  HI VI D  A.le=30°  AT 
0.850  Mo  .  CPt/P0)c.d=CONE  ,  CPt/P0)plug  =CONE  ,cx= 
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FIGURE  191.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  C W1B1K1N1  P01  H1VU  Ale  =  30°  AT 
0.850  Mo  ■  CPt/Po)c-o=C0NE  .  CPt/Po)plus  =CONE  .01= 
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FIGURE  ^  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  POl  H1V1)7Ue=70o  AT 
.  0.852  Mo  .  CPt/Po)c-o=CONE  .  (Pt/Po)plug  =CONE  .<x  =  0.0 
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FIGURE  193.  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1NI  P01  HI  VI 3  jVle=70°  AT 
0.852  Mo  .  (Pt/Po3c-d=CONE  .  CPt/P0)plug  =CONE  .a=  0.0 
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FIGURE  19lt- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBOOY  CW1B1K1N1  P01  HI VI D  7Ue=30°  AT 
0.613  Mo  .CPr/Po3c-o=CONE  .  C Pt/Po)plug  =C0NE  .0=  2.8 
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FIGURE  195.  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1N1  P01  HI VI 3  2Vle  =  30°  AT 
0.G13  Mo  •  CPt/Po3c-o=CONE  .  CPt/Po5plug  =CONE  .<x=  2.8 
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FIGURE  !96- PRESSURE  COEFFICIENTS  ON  C-0 

AFTERBODY  CW1B1K1N2  POl  H1V13  7Ue  =  30°  AT 
0. G 12  Mo  .  CPr/Pi))c-o=CONE  ,  CPt/P03plug  =CONE  .<x  =  3.2 
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FIGURE1^.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  ( W1B1K1N2  P01  H1V1)  _/Ue=30°  AT 
0.612  Mo  *  C Pt/P0)c-o  =  CONE  ,  C Pt/P0)plug  =CONE  .  <x  = 


FIGURE  198.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CWIBIKINt  P01  HI  VI D  Wu=70o  AT 
1.271  Mo .  CPt/PoTc-d=CONE  .  CPt/Po)plug  =CONE  .  <x=  2.8 
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FIGURE  199.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P01  H 1 V 1 )  jYle =70 0  AT 
i.271  Mo  *  (Pt/Po)c-d=CONE  *  CPt/PoDplug  =CONE  »a  =  2.8 
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FIGURE  200-  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N2  P01  HI VI 3  Wu=70°  AT 
1.269  Mo  .  CPi/P0)c-d=CONE  .  C Pt/P0)plug  =CONE  .  oc  =  2.8 
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FIGURE  202 •  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P01  H1V13  V\_le=70°  AT 
1.998  Mo  .  (Pr/Po)c-D=CONE  .  (Pt/Po)pluo  =CONE  ,<x=  2.8 
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FIGURE  2°3-  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1N1  P01  H 1 V 1 3  Aj.e=70°  AT 
1.998  Mo  .  CP7/Po)c-o=CONE  .  CPt/PoWg  =C0NE  ,ot=  2.8 


FIGURE  201t- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N2  P01  HI VI )  jYu=70°  AT 
1.998  Mo  .  (Pr/Po3c-o=CONE  .  CPt/PoW  =CONE  .«=  2. 
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FIGURE  206.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CWIBIK1N1  P04  H 1 V 1  3  _A.u=70°  AT 
■  0.848  Ho  .  CPr/P0)c-o=CONE  .  CPt/PoW  =2.  01  0.  <x  = 
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FIGURE  207.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P04  HI VI  )  A_le  =  70°  AT 
0.848  Mo  »  CPt/Pok-D^CONE  *  CPt/Po)plug  -2.  01  0.  a-  2.8 
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FIGURE  210.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  (WIBIKINi  P07  H 1 V 1  D  7Ue=70°  AT 
0.842  Mo  *  (Pt/Po)c-o=7.  294 1  (Pt/Po^plug  =2.  018.  a  =  2.9 
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FIGURE  2H.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  H1V1I  7Vie=70°  AT 
0.842  Mo.CPt/Po)c-o=7.294.CPt/Po)piug=2.018.oi=  2.9 
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FIGURE  213.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P07  VI)  Wle=70°  AT 
0.842  Mo .  CPt/Po)c-d  =  VARY  .  (Pr/PoW  =2.  018.  <x=  2.9 
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FIGURE  214.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 

AFTERBODY  CW1B1K1N1  P07  VI J  -A-le=70°  ATo  q 
0.842  Mo  •  CPi/Po3c-o=VARY  .  (Pi/Po)plug  =2.  018.  a-  2.9 
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FIGURE  215.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P04  HI V 1 )  j\_le=70°  AT 
1.270  Mo  .  (Pt/Pq)c-d=CONE  .  CPt/PoDplug  =3.  IIS.  <x  =  2.9 
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FIGURE  216.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P04  HI  VI 3  VUe=70°  AT 
1.270  Mo  .  CPt/P<Dc-o=CONE  .  t  Pt/PoW  =3.  I  1 6.  oc=  2.9 


I 


.  0 


FIGURE  217.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  (W1B1K1N1  P07  H1VI)7Vle=70°  AT 
1.269  Mo  .  CPT/Pok-o=5.  218.  (Pt/PoDplug  =3.  1  02.  cx=  2.8 
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FIGURE  218.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  HlVl)  Ale=70°  AT 
1.269  Mo.CPr/Po)c-D=7.205.CPi/Po)PLUG=3.  090.<x=  2.8 
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FIGURE  220.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  HI VI D  jVle=70°  AT 
1.268  M0tCPt/P0)c-o  =  1C.39tCPt/Po]plug=3.075,(x=  2.8 


MOCCl  STATION  -  INCHCS 


FIGURE 221.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1NI  P07  HI VI 3  7Vle=70°  AT 
1.268  Mo  .  CPT/Pok-o=12.47,  CPt/P0)plug  =3.  1  12.cx  = 
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FIGURE  222.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  HIV13  Ale=70°  AT 
1.2G8  Mo  >  CPr/PoTc-o=  12.  47 .  CPt/Po3plug  =3.  1 12.  a=  2.8 
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FIGURE  22“i .  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CWIB1K1N1  P07  HI VI 3  _A.Le=70°  AT 
1.2S8  Mo .  CPr/Po)c-o  =  VARY  .  CPr/PoKuG  =3.  1 12.  oc  = 
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FIGURE  225. PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  (W1B1K1N1  P07  H1VH  7Vue=70°  AT 
1.2S8  Mo  .  CPt/Po)c-o=VARY  .  CPt/Po)plug  =3.  1 12,  ot=  2.8 
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FIGURE  227 •  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  H1V1)  7Ue=70° 

1 . 998  Mo  .  CPt/Po)c-d=0.  74 1  ■  (Pr/PoW  =4. 792.  oc 
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FIGURE  228.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1KIN1  P07  H l V 1  i  _A_u=70°  AT 
1.998  M0  .  CPr/Po)c-o=5.  068.  (PT/Po)piue  =4.982. oc=  2.9 
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FIGURE  231.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  HlVnAj.E=70°  AT 
1.998  Mo  .  CPi/P0)c-d=1  0.  02.  CPt/PoKug  =5.  003.  <x  = 
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FIGURE  232.  PRESSURE  COEFFICIENTS  ON  C-0 

AFTERBOOY  CW1B1K1N1  P07  H1V1)7Ue=70°  AT 
1.998  Mo  .  C  Pt/Po)c-o=  1 4 . 9 0 .  (  Pt/P0)plug  =4 . 98G .  <*  = 
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FIGURE  233 .  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  H1VH  7Ue=70°  AT 
1.998  Mo  .  CPt/P0)c-o=M.90,  C Pt/Pg)plug  =4 . 986 ,  a  = 
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FIGURE  235- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERB0OY  CW1B1K1N1  P07  HlVl)AiE=70°  AT 
1.998  Mo  .  CPt/Po)c-o=VARY  .  CPt/PoKug  =4. 986.  <x  = 
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FIGURE  236.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  HI VI 3  Aie=70°  AT 
1.998  No  » C Pt/Po3c-o= VARY  .  CPt/PoTplug  =4. 986.  tx  =  2. 
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FIGURE  237.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CV/1B1K1NI  P01  H 1 V 1  )  Wie  =70 °  A 
0.850  Mo  ,  CPt/Po3c.d=CONE  .  CPt/Pq)plug  =C0NE  .  <x  = 
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FIGURE  238.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CWIB1K1N1  P01  H1V1)  7Vle=70°  AT 
0.850  Mo  ,  CPt/Po)c-o=C0NE  .  C Pr/PoW  =C0NE  ,  oc=  2.8 
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FIGURE  239.  pressure  COEFFICIENTS  ON  C-D 

n  ocnTMRB0DY  f  W1B1K1N1  P04  HI  VI  I  7W=70°  AT 
0.850  M„.CPt/P„Tc.o=C0NE  .  (Pr/P„W^.E545.  cx=  ? 
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FIGURE  21,0 •  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1N1  P04  H1VH  7^=70°  AT 
0.850  Mo .  CPt/P0Jc-d=CONE  .  (Pt/Po)plug  =  1 . 545.  a=  2 


FIGURE  2“i-  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  C  W  IB  IK  IN  l  PCM  FI  l  V  U  ./Vie  =70  °  AT 
0.848  Mo  .  (Pt/P0)c-o=CONE  .  C Pt/PqWg  =2.  01  0.  <x  =  2. 
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FIGURE  s^s-  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1BIK1NI  P04  HI VI J  A4.f=70°  AT 
0.848  Mo  .  CPr/Polc-o=CONE  .  CPr/PoW  =2.'01  0.  <x  = 


FIGURE  ^-PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P04  H 1 V 1 3  Ajf=70° 
0.848  Mo.CPt/Po)c-d=CONE  ,  C  Pt/P0)plug‘=2 .98 1 .  a 
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FIGURE 2t*i.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUU 
AFTERBODY  (W1B1K1N1  P04  HI VI)  Ace  =70 0  AT 
C.  848  Ho  .  (Pr/Po)c-o=CONE  .  (  Pt/Po)piug  =2. 98  1  .  f*'= 
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FIGURE  848.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  PCM  H1VH  7Ue=70°  AT 
0.848  Mo  .  CPi/P0)c-o=CONE  .  CPt/P0)piug  =5.  001 .  cx=  2.8 
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FIGURE  250 -PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P04  HI VI  )  Ale=70°  AT 
0.848  Mo  »  CPr/Po)c-o=CONF  ,  C Pt/Pq^plug  =  VARY  ,  a=  2.8 
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FIGURE  254.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P04  HI V 1  3  7Vie=70°  AT 
1.2G9  Ho .  CPt/Po)C-o=C0NE  .  C Pi/P0)plug  =  1 . 51 5.  ot=  2.9 


FIGURE  255'  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  (W1B1K1N1  P04  H 1 V 1)  Wi_e  =7  0°  AT 
1.270  Mo  .  CPt/P0)c-d=CONE  ,  C Pt/Po)plug  =3 .  1  1  6 .  oc=  2.9 
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FIGURE  257 •  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P04  HI V H  7VLe  =70 0  AT 
1.270  Mo  .  CPt/F0)C-o=CONE  .  (Pt/PoKug  =4.  135.  01=  2.S 
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FIGURE  258 •  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CWIB1K1N1  P04  HI  VI I  Aur=70°  AT 
1.270  Mo  .  CPt/Po3c-o=CONE  .  (Pt/Po)plug  =4.  1 35. <x=  2.9 
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FIGURE  259.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P04  H1V1)  7Vjf=70o  AT 
1.269  Mo  .  (Pt/Po)C-d=C0NE  .  ( Pt/P0)piug  =5.  203.  o<  =  2.9 
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FIGURE  26°-  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P04  H1V1)  7Vle=70°  AT 
1.2G9  Mo  .  CPt/Po)c-o=CONE  .  CPt/Po)plug  =5.  203.  o= 
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FIGURE  261  ■  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N!  P04  H1VH  .Ale  =70°  AT 
1.269  Mo  .  CPt/Po)c-d=CONE  .  CPr/PoW  =6.  187.  <*=  2.9 
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FIGURE  263. PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P04  H 1 V 1 )  Aj.e  =70°  AT 
1.269  Mo  .  tPr/Po)c-o=CONE  .  CPr/PoW  =VARY  ,o=  2.9 
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FIGURE  264 •  PRESSURE  COEFFICIENTS  ON  TAIL  &  P! 
AFTERBODY  CW1B1KIN!  P04  H I V 1 J a!e=70° 
1.269  Mo  .  CPt/Po3c-o=C0NE  .  CPj/PoW  =VARY  ,c 
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FIGURE  270 •  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P07  H  1 V 1  D  Wle  =70°  AT 
1 . 998  Mo  .  CPt/Po)c-o=0.  741 .  (Pr/PoW  =4.792.  a  = 
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FIGURE  272 •  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CWIBIKINi  P07  H1V1)  A.le=70°  AT 
1.998  Mo  «  CPt/Po^c-o=0. 678*  CPt/Pq^plug  =7.  043»  a=  2.9 
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FIGURE 275.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1KIN1  P07  H 1 VI )  Aur  =70°  AT 
1.998  M0.CPt/Po)c-o=0.658.(Pt/Po)plug=VARY  ,<x  =  2.9 
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FIGURE  278-  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  (W1B1K1N1  P03  H1V1)  _yVLE=70°  AT 
0.847  Mo  •  CPr/Po)c-o=€ONE  .  ( Pt/Po)plug  =C0NE  ,  <x=  2.8 
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FIGURE  219- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P02  H1V1)  V\-le=70 
0.850  Mo  .  CPt/Po)c-o=CONE  .  C Pr/PoW  =CONE 
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F  I CURE  230 -  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P02  HI V 1)  Aj r =70®  AT 
0.850  Mo.CP,/P0)c-o=CONE  .  (Pr/PoW^ONE  .  <x=  2. 7 


FIGURE281-  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P01  HI V 1 )  TVle  =70 0  AT 
0.850  Mo  .  CPr/Po)c-o=CONE  .  (Pj/PoJpiug  =CONE  .a-  2.8 
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F  i CURE  583-  PRESSURE  COEFFICIENTS  ON  C-0 

i  *RTBRB0DY  CW1B1K1N1  P02  H1V1JAjf=70°  AT 
1.270  Mq  .  CPt/P0)c-d=CONE  .  ( Pt/Pq)plug  =CONE  ,o=  2.7 


model  station  •  inches 


FIGURE  281*-  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1NI  P02  HI VI)  Wle=70°  AT 
1.270  Mo  .  (Pr/Po)c-o=CONE  .  CPt/P0)plus  =C0NE  ,<x=  2.7 
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AFTERBODY  CW1B1K1NI  PI1  HI  V  1)  Wle  =70°  AT 
•  697  No.(Pi/P0Tc-o=0.753.(Pi/Po)plug=CONE  ,<x=  2.8 
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FIGURE  291- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P 0 1  H1V1)  jYle=70°  AT 
1.697  Mo  .  CPi/P0)c-d=CONE  .  t Pr/PoW  =C0NE  .<x  = 
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FIGURE  292.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  (W1B1K1N1  P 0 1  H 1 V 1 )  jVle =7 0 °  AT 
1.697  Mo  *  (Pt/Po)c-d=CONE  *  ( Pt/Pq )plug  =CONE  *  a  =  2.9 
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FIGURE  296.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  C W1B1K1NI  P01  H I V 1  3  _/Vle=70°  AT 
1.998  Mo  .  CPt/Po)c-d=CONE  .  CPt/PoW  =C0NE  .  <x=  2.8 
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FIGURE  297-  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1BIK1N1  PI 3  HI  VI  )  Ale  =70°  AT 
1.998  Mo  .  CPi/P0)c-o=0.721 .  CPr/PoW  =C0NE  ,<x=  3.0 
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FIGURE  298.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CWIB1K1N1  P 1 3  HI  VI  )  Wle  =  70°  AT 
1.998  Mo  .  CPt/Po3c-d  =  0.  721 .  CPt/Po)puu6  =CONE  ,o=  3.0 
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r  I  CURE  2')-  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P15  H 1 V 1  )  7Y.Le  =70 °  AT 
1.998  Mo  .  CPr/Po)c-o  =  O.G65.  CPt/Po)plug  =CONE  .  <*  = 


FIGURE  300.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CWIB1K1N1  P15  H1V1)  Wle=70°  AT 
1.998  Mo .  CPr/Po3c-o  =  O.G65.  CPi/PoTplug  =CONE  .«=  2.9 
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FIGURE  301- PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  (W1B1K1NI  P01  HI V 1)  TVle  =  70 0  AT 
,  0.852  Mo  .  CPt/Po)c-d=CONE  .  (Pt/PoKug  =CONE  .  <x  =  0 


FIGURE  308.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1KIN!  P01  HI  VI  )  Wle=70°  AT 
0.852  Mo  •  CPj/Po)c-d-C6NE  .  CPi/PoW  =CONE  .<*=  0.0 
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FIGURE  304 .  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1N1  P01  H 1 V 1 3  jYut=70°  AT 
0.850  Mo  •  CPt/P<Dc-o=C0NE  .  CPr/PoW  =CONE  .«=  2.8 
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FIGURE  305.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  PO 1  HI VI 3  Wu  =7 0°  AT 
0.848  Mo  .  CPi/Po)c-o=CONE  .  (Pt/Po)plug  =CONE  .a-  6 


F IGURE 306.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P01  H1V1)  Ale=70°  AT 
0.848  Mo .  CPr/P0Ic-o=CONE  .  CPr/PoKus  =CQNE  .«=  G.8 


FIGURE  308.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P 0 1  H1VU  jVle=70°  AT 
0.844  Mo  .  CPr/Po)c-o=CONE  .  CPr/PoW  =CONE  .  a  =  VARY 
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MOCCl  STATIC*  •  INCHES 


FIGURE  309.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P01  H1V1D  _/Yle=70°  AT 
0.844  Mo  .  CPt/PoIc-o=CONE  .  (Pt/PoTplug  =CONE  .oi  =  VARY 
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FIGURE  310.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P01  HI VI 3  Aje=70o  AT 
0.844  Mo .  CPr/Po)c-o=CONE  .  CPr/PoKus  =C0NE  .  a=VARY 
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FIGURE  311.  PRESSURE  COEFFICIENTS  ON  C-0 

AFTERBODY  (W1B1K1N1  P01  HiVl)  jVle=70°  AT 
1.998  Mo  .  (Pt/Po3c-d=CONE  *  CPt/Po)plug  =C0NE  »a  = 
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FIGURE  V-9-  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  (W1B1K1N1  P01  H1V1)  _/Ue=70°  AT 
•  1.998  Mo  .  CPr/Po)c-o=CONE  .  CPr/PnW  =CONE  .«  = 
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FIGURE  TH.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N!  P01  H 1  V I  D  ^Vle  =70°  AT 
1.998  Mo  .  CPr/Polc-o-CONE  .  CPr/PoW  =C0NE  .  <x=  2 
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FIGURE  31  n.  PRESSURE  COEFFICIENTS  ON  TAIL  4  PLUG 
AFTERBODY  CW1B1K1N1  P 0 1  HI  VI )  7Vle=70°  AT 
1.998  Mo  .  CPr/Po)c-D=CONE  .  C Pr/PoW  =CONE  ,a  =  2.8 
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FIGURE  315.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  (WIBiKINl  P01  HI VI 3  7Ue=70°  AT 
1.998  Mo .  CPi/Pojc-D=CONE  .  CPt/Po)plug  =CONE  .a- 
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FIGURE  317.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P01  H1V1)  7Ue=70°  AT 
1.998  Mo  .  CPr/Po)c-o=CONE  .  (Pt/PoWg  =CONE  ,oc=VARY 
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FIGURE  318.  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P01  HI V 1 3  Ale  =70°  AT 
1.998  Mo  .  CPt/Po)c-o=CONE  .  (Pi/P03plug  =CONE  .  a=VARY 
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FIGURE  319.  PRESSURE  COEFFICIENTS  ON  C-D 

AFTERBODY  CW1B1K1N1  P01  Hlvn7VLE=70o 
1.998  Mo  .  CPt/P0)c-d  =  CONE  .  (  Pt/Po)plug  =C0NE  . 
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FIGURE  320  PRESSURE  COEFFICIENTS  ON  TAIL  &  PLUG 
AFTERBODY  CW1B1K1N1  P01  H1V1)  7Vi_e=70°  AT 
1.998  Mo .  (Pr/Po)c-D=C0NE  .  CPt/PoWg  =C0NE  .  a  =  VARY 
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Appendix 


APPENDIX 

DISCUSSION  OF  CHORD  FORCE  BALANCE  MEASUREMENTS 


In  section  IV  of  this  report,  a  discussion  of  chord  force  balance  data 
was  presented.  It  was  stated  in  this  section  that  the  chord  force  balance 
data  was  somewhat  questionable  because  of  the  corrections  which  must  be 
applied  to  the  basic  balance  measurement.  The  tare  forces  were  caused  by 
pressures  acting  on  the  inside  of  the  C-D  nozzle  shroud.  These  pressures 
varied  with  C-D  nozzle  pressure  ratio  and  were  created  at  the  internal  split 
between  the  nozzle  shroud  and  the  nozzle  liner  (see  figure  l).  The  split 
was  located  internally  to  avoid  having  a  gap  on  the  external  surface  near  the 
aft  end  of  the  nozzle  which  might  disturb  the  flow  pattern.  Hie  pressures 
inside  the  shroud  were  measured  during  a  blow  and  the  pressure-area  term  was 
used  to  correct  the  measured  chord  force.  It  appears,  however,  that  there 
were  pressures  acting  on  the  shroud  lip  (see  figure  7)  that  could  not  be 
measured  during  this  test  that  were  affecting  the  balance  reading.  When  air 
was  blown  through  the  C-D  nozzles  with  the  tunnel  air  at  rest,  the  corrected 
balance  reading  was  still  not  zero.  The  actual  reading,  which  is  called  a 
static  correction,  was  applied  to  the  corrected  balance  reading  to  adjust  the 
balance  data.  The  tare  forces  and  the  static  correction  forces  were  sometimes 
quite  large,  thus  making  these  force  data  questionable. 

Figures  321  through  326  show  the  chord  force  balance  and  pressure  data 
for  an  Ag/Aj^  of  .30  and  .50  for  three  mach  numbers:  85,  1.27  and  1.7.  The 
data  presented  includes  the  baseline  chord  force  value  for  both  the  balance 
and  pressure  data  so  that  the  change  in  incremental  chord  force  may  be  seen. 
Uncorrected  balance  data  shown  in  these  figures  is  uncorrected  in  the  sense 
that  the  static  correction  has  not  been  included.  The  pressure-area  correc¬ 
tions,  however,  have  been  included  in  this  uncorrected  data.  Corrected 
balance  data  includes  both  the  static  correction  plus  the  pressure-area 
correction. 

Comparison  of  the  chord  force  increment  for  the  corrected  balance  data 
and  the  integrated  pressure  results  indicates  reasonably  good  agreement  ex¬ 
cept  for  subsonic  mach  number  conditions.  At  both  subsonic  and  supersonic 
mach  numbers,  the  chord  force  increment  comparisons  between  the  balance  and 
pressure  data  deviate  the  greatest  at  pressure  ratios  approaching  and  includ¬ 
ing  the  nozzle  separation  region.  This  fact  casts  some  doubt  as  to  the 
validity  of  the  pressure  ratio  correction  for  this  range  of  pressure  ratios. 
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Figure  321.  Chord  Force  Balance  Measurements  -  M  **  .85 
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Figure  322.  Chord  Force  Balance  Measurements  -  M 
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Figure  324.  Chord  Force  Balance  Measurements  -  M  *  1.27 
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Figure  325.  Chord  Force  Balance  Measurements  -  M  ■  1.7 


Figure  326.  Chord  Force  Balance  Measurements  -  M  *  1.7 
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